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Ethnopharmacological relevance: Lippia gracilis Schauer (Verbenaceae) has long been recognized in folk
medicine as a medicinal plant. The essential oil of Lippia gracilis has antimicrobial activity and is used
externally to treat cutaneous diseases, burns, wounds, and ulcers. Recently, our research group
demonstrated that the essential oil of Lippia gracilis leaves possesses antinociceptive and anti-
inﬂammatory actions and its major component identiﬁed was thymol. The objective of this study
was to assess the anti-inﬂammatory and wound healing activities of thymol in rodents.
Materials and methods: For the anti-inﬂammatory analysis the paw oedema and peritonitis models
were used, followed by the assessment of the mieloperoxidase (MPO) activity, total cell counting, and
histological analysis. The animals were treated (i.p., n¼6/group) with thymol (10, 30, and 100 mg/kg),
dexamethasone (2 mg/kg), or vehicle (1% Tween 80). In order to assess the wound healing potential,
thymol was vehiculated into collagen-based dressing ﬁlms and a biological wound healing test was
conducted. The retraction index of the wounds and histological analysis were performed on the 3rd,
7th, 14th, and 21th days, split into three groups: undressed wounds (CTR), dressed with collagen-based
ﬁlms (COL), and dressed with collagen-based containing thymol (COLTHY) ﬁlms.
Results: Thymol reduced signiﬁcantly the oedema (100 mg/kg, Po0.001) and, besides, diminished the
inﬂux of leukocytes to the injured area (10, 30, and 100 mg/kg), according to the assessment of MPO
activity (Po0.001), total cell count (Po0.05), and histological analysis. Wounds dressed with COLTHY
ﬁlms showed signiﬁcantly bigger wound retraction rates (7 and 14 day, Po0.05) and improved the
granulation reaction, as well provided better collagenization density and arrangement during wound
healing.
Conclusions: This study suggests that thymol is a promising compound to be used in treatment of
inﬂammatory processes as well as wound healing. The pharmacological actions of Lippia gracilis in
popular medicine practices may be related, at least in part, to the presence of thymol in the essential oil.
& 2012 Elsevier Ireland Ltd.Open access under the Elsevier OA license.1. Introduction
Inﬂammation is a protective host response to foreign antigenic
challenge or tissue injury that, if unopposed, could lead to loss of
tissue structure as well as function. During the development
of inﬂammation, the concerted actions of molecular signaling, bradykinin; COL, collagen-
ol; CTR, undressed wounds;
IF, macrophage migration
oxide; PGs, prostaglandins;
factor; Thy, Thymol; UMPO,
x: þ55 79 21056474.
zzi).
der the Elsevier OA license.determine whether inﬂammatory cells undergo migration, activa-
tion, proliferation, differentiation, repair, or clearance (Arita et al.,
2005).
Wound healing is the process of repair that follows injury to
the skin and other soft tissues. It involves a complex series of
interactions between different cell types, inﬂammatory media-
tors, and the extracellular matrix. Each phase of normal wound
healing, namely, hemostasis, inﬂammation, proliferation, and
remodeling is distinct although the wound healing process is
continuous, with each phase overlapping the next (Dash and
Murthy, 2011).
The use of natural therapy or alternative medicine constitutes
an attractive approach for the treatment of several inﬂammatory
disorders and cuts, wounds, and burns. Additionally, the usage of
bioactive dressing based on collagen allied to substances with
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powerful on the treatment of skin lesions (Dias et al., 2011).
Different extracts, essential oils, and isolated compounds of
natural origin have been studied for possible biological activities
in various animal models and reported to possess signiﬁcant anti-
inﬂammatory or wound healing activities (Mendes et al., 2010;
Nunes et al., 2011; Thomazzi et al., 2010).
Lippia gracilis Schauer (Verbenaceae), popularly known in
Brazil as ‘‘alecrim-da-chapada’’, has long been recognized in folk
medicine as a medicinal plant and used to treat inﬂuenza, cough,
sinusitis, bronchitis, nasal congestion, headache, jaundice, and
paralysis (Albuquerque et al., 2007). The essential oil of Lippia
gracilis has antimicrobial activity and is used externally to treat
cutaneous diseases, burns, wounds, and ulcers (Pascual et al.,
2001). More commonly, leaf infusions or decoctions are used as a
tea; however, it is also used as a macerate in alcohol for topical
application (Lorenzi and Matos, 2008). The leaf infusions are also
used topically to treat wounds and scabies, as a mouth antiseptic
and in baths (Lorenzi and Matos, 2008).
Recently, our research group demonstrated that the essential
oil of Lippia gracilis leaves possesses antinociceptive and anti-
inﬂammatory actions (Mendes et al., 2010). The major component
identiﬁed was thymol, a monoterpene phenol derivative of
cymene, which exhibits multiple biological activities: antimicro-
bial, antioxidant, antinociceptive, local anesthetic, and anti-
inﬂammatory in vitro (Braga et al., 2006; Haeseler et al., 2002;
Karpanen et al., 2008; Yanishlieva et al., 1999).
Other monoterpenes have been reported to possess anti-
inﬂammatory activity in animal models (Bastos et al., 2011;
Guimar~aes et al., 2012; Peana et al., 2002). However, both the
anti-inﬂammatory action in vivo and cicatrizing activity of thymol
are still not demonstrated.
Based on the above considerations, we decided to investigate
the effects of thymol, the major constituent of the essential oil
from Lippia gracilis, assessing its anti-inﬂammatory action and
cicatrizing property on skin lesions of collagen ﬁlms containing
thymol in rodents.2. Material and methods
2.1. Materials
Thymol (499.5%) was purchased from Labsynth Produtos
para Laborato´rios Ltda (Diadema, SP, Brazil). The collagen was
prepared according to the method proposed by Cardoso (2005).
2.2. Films preparation
Collagen-based (COL) ﬁlms were prepared through casting
method using collagen dispersion (1%) in 0.5 M acetic acid with
20% of plasticizer (propyleneglycol, Vetec Quı´mica Fina Ltda,
Duque de Caxias, RJ, Brazil, Lot. 0703940) in relation to the
polymer dry weight. Thymol (10%) was mixed the a part of the
collagen dispersion (1% in 0.5 mol/L acetic acid with 20% of
plasticizer w-w) in order to obtain the collagen-based containing
thymol (COLTHY) ﬁlms. The dispersions were casted onto a clean
rimmed perspex plate and allowed to dry at room temperature in
order to obtain the ﬁlms. The ﬁlms were cut off in square shape
(1.51.5 cm) and sterilized using UV rays (20 min).
2.3. Animals
For the anti-inﬂammatory evaluation was used both male rats
(Rattus norvegicus albinus, Wistar lineage, 120–200 g) and mice
(Mus musculus, Swiss lineage, 20–30 g), and for the study ofhealing were used Wistar rats adult, male and female (250–
300 g). The animals from the Central Animal House of the Federal
University of Sergipe (S~ao Cristo´v~ao, Sergipe, Brazil) were used in
keeping with the University Guidelines of the Ethics Committee
for Animal Care and Use in Research (CEPA/UFS 55/2010 and 60/
2011). The animals were housed in clear plastic cages with solid
ﬂoors and loose hardwood chip bedding, in a temperature and
humidity-controlled environment, and supplied with food (Pur-
inas) and water ad libitum.
2.4. Assessment of carrageenan-induced inﬂammatory response in
the rat hindpaw
The anti-inﬂammatory effect of thymol was measured using
the carrageenan-induced hindpaw oedema model (Mendes et al.,
2010; Winter et al., 1962). Brieﬂy, carrageenan suspension (1%,
0.1 mL) was administered into the subplantar region of the right
hindpaw of rats, previously treated (30 min before, i.p., n¼6/
group) with thymol (Thy, 10, 30, and 100 mg/kg), dexamethasone
(Dexa, 2 mg/kg), or vehicle (1% Tween 80). The rat paw oedema
was measured plethysmographically (model 7150, Ugo Basile,
Varese, Italy) at 1, 2, 3, and 4 h after the carrageenan injection.
The data obtained were expressed in mL. The percentage of
inhibition was calculated based on the area under the time-course
curves (AUC04 h) using the trapezoidal rule.
Myeloperoxidase (MPO) activity was measured in paw tissue
samples obtained from animals after the end (4 h) of oedema
measurement. Tissue samples were homogenized (10 mg/1 mL)
in phosphate buffer (50 mM, pH 6.0) containing 0.5% hexadecyl-
trimethylammonium bromide, and the homogenates were incu-
bated (2 h at 60 1C) to inactivate endogenous catalases. The
supernatants were mixed with o-dianisidine dihydrochloride
(0.167 mg/mL, in 50 mM phosphate buffer) solution containing
H2O2 (0.005%), and the changes of absorbance at 460 nm were
measured (Labsystem Multiskan, Helsinki, Finland). The results
were expressed as units of MPO (UMPO)/mg tissue, where one
UMPO is deﬁned as the amount of enzyme that degrades 1 mmol
of H2O2/min (Bradley et al., 1982).
For the histological analysis, the carrageenan-induced inﬂam-
matory response in the hindpaw was carried out after 4 h. The
paw samples ﬁxed in 10% formalin, decalciﬁed in a solution of 5%
nitric acid, and embedded in parafﬁn. The decalciﬁed samples
(vehicle, Thy at 100 mg/kg, and Dexa) were cut in serial 5 mm
thick sections and stained in hematoxylin-eosin. All readings
were performed by investigators blinded to treatments (three
histological sections/animal).
2.5. Carrageenan-induced peritonitis
Peritonitis was induced by injecting carrageenan (1%, 250 mL/
cavity) into the peritoneal cavity (i.p.) of mice treated (30 min
before, i.p., n¼6/group) with thymol (10, 30, and 100 mg/kg),
dexamethasone (2 mg/kg), or vehicle (1% Tween 80), as pre-
viously described by Mendes et al. (2010). Following 4 h of
peritonitis induction, the mice were euthanized and 3 mL of
saline containing EDTA (1.0 mM) were injected into the peritoneal
cavity. The peritoneal lavages were collect and the total leukocyte
was counted in a Neubauer chamber. The results were expressed
as the number of leukocytes/mL.
2.6. Assessment of the healing potential of collagen-based dressing
ﬁlms
Rats were anesthetized with ketamine and xylazine (100 and
5 mg/kg, respectively, i.p.). The back of the animals was trichoto-
mized and wounds were made with metallic punch of 8 mm in
Table 1
The effect of thymol on rat paw oedema.
Treatment Dose
(mg/
kg)
Paw volume increase (mL)
1 h 2 h 3 h 4 h
Vehicle – 0.5270.06 0.8970.06 1.2970.07 1.3270.05
Thymol 10 0.5770.06 0.8370.06 1.0970.05 1.0970.07a
30 0.4770.04 0.8870.03 1.1270.02 1.1070.04a
100 0.3370.04 0.5870.06b 0.8470.09b 0.9670.08b
Dexamethasone 2 0.4770.09 0.4970.07b 0.5870.08b 0.5870.08b
a Po0.05.
b Po0.001 vs. vehicle-treated animals. All values are mean7S.E. (n¼6/group).
Statistical analysis by ANOVA followed by Bonferroni’s test.
Table 2
The effect of thymol on myeloperoxidase (MPO) activity.
Treatment Dose (mg/kg) UMPO/mg tissue
Vehicle – 14.8770.84
Thymol 10 3.9571.64a
30 3.8470.45a
100 2.0870.70a
Dexamethasone 2 1.1470.43a
UMPO, units of MPO.
a Po0.001 vs. vehicle-treated group. All values are mean7S.E. (n¼6/group).
Statistical analysis by ANOVA followed by Bonferroni’s test.
Table 3
The effect of thymol on leukocyte migration.
Treatment Dose (mg/kg) Leukocytes x 106/mL
Vehicle – 12.0671.52
Thymol 10 7.2971.18a
30 6.6170.52a
100 2.1370.54b
Dexamethasone 2 3.6871.08b
a Po0.05.
b Po0.001 vs. vehicle-treated group. All values are mean7S.E. (n¼6/group).
Statistical analysis by ANOVA followed by Bonferroni’s test.
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CTR, undressed wounds; COL, dressed with collagen-based ﬁlms;
and COLTHY, dressed with collagen-based containing thymol
ﬁlms (approximately 1.2 mg of thymol for dressing).
For the macroscopic analysis and assessment of the wound
contraction rates, after 3, 7, 14, and 21 day, the craniocaudal and
latero-lateral measures of each wound were assessed by a digital
caliper (precision 0.01 mm) and the ﬁnal wound areas were
obtained through the equation A¼pR r/2, where R represents
the craniocaudal axis and r corresponds to the latero-lateral axis
of the wounds. Clinical features of the wounds were monitored
regarding to the presence of crust, secretion, necrosis, and
hypertrophic scars.
Additionally, at 3rd, 7th, 14th, and 21th days, the animals were
euthanized and the area corresponding to the wound region in
the back of the animals was removed. The specimens were
formalin (10%)-ﬁxed and parafﬁn-embedded, and serial 5 mm
thick sections were obtained and stained in hematoxylin-eosin.
The intensity of the inﬂammatory response was assessed as
follows: 0—absence of inﬂammatory inﬁltrate; 1—inﬂammatory
cells representing less than 10% of the cell population;
2—inﬂammatory cells representing between 10% and 50% of the
cell population; and 3—inﬂammatory cells representing more
than 50% of the cell population. The proﬁle inﬂammatory was
classiﬁed as acute (predominance of polymorphonuclear cells)
and chronic (predominance of mononuclear cells). All readings
were performed by investigators blinded to treatments (three
histological sections/animal).
For the assessment of the collagen deposition, histological
sections stained in picrosirius and analyzed under polarized light
were used to the descriptive analysis. Collagen ﬁbers were
analyzed according their birefringence pattern (greenish/yellow-
greenish or orange, orange-reddish), morphological appearance
(wavy or stretched, thin or thick, short or long), and disposition
(parallel-arranged or interlaced).
2.7. Statistical analysis
All the experimental parameters were presented as the
mean7S.E. of n animals per group. Statistical evaluation of the
results of paw oedema, MPO activity, and peritonitis were
performed using analysis of variance (ANOVA) followed by
Bonferroni’s test. The data concerning the wound contraction
rates were analyzed using ANOVA followed by Tukey’s test,
whereas the analysis of the inﬂammatory inﬁltrated was carried
out by Kruskal–Wallis test, followed by Dunn’s test. P values less
than 0.05 were considered signiﬁcant.3. Results
3.1. Role of thymol on inﬂammatory responses
Treatment of rats with thymol at 100 mg/kg produced a
reduction (Po0.001) of carrageenan-induced paw oedema at 2,
3, and 4 h time-points (Table 1). Additionally, thymol at 10 and
30 mg/kg reduced (Po0.05) the oedema formation induced by
carrageenan at 4 h (Table 1). Likewise, dexamethasone exhibited
an inhibition (Po0.001) of carrageenan-induced paw oedema at
2, 3, and 4 h time points (Table 1). Based on AUC0–4 h values,
thymol at 100 mg/kg caused an inhibition of 35.3% (Po0.001)
on the oedema response compared to vehicle-treated group
(3.470.2 mL h). Dexamethasone caused an inhibition of 47.1%
(Po0.001).
At different doses, thymol also produced a marked inhibition
(Po0.001) of carrageenan-induced MPO activity compared withto vehicle-treated group (Table 2). Similarly, dexamethasone
caused signiﬁcant inhibition (Po0.001) of carrageenan-induced
MPO activity (Table 2).
Table 3 showed that the treatment with thymol, at 10, 30,
and 100 mg/kg, evoked a signiﬁcant inhibition on carrageenan-
induced peritonitis (Po0.05). Dexamethasone (2 mg/kg) also sig-
niﬁcantly inhibited (Po0.001) carrageenan-induced peritonitis
(Table 3).
In the histological analysis of the paws, vehicle-treated group
showed intense interstitial oedema and marked inﬁltration of
inﬂammatory cells, comprised of neutrophils and lymphocytes in
the connective tissue. In addition, pronounced hyperemia of
capillary blood vessels and venules was also noted within the
edematous tissue (Fig. 1). In Dexa-treated group, remarkable
decrease in the intensity of the interstitial oedema and inﬂam-
matory content was veriﬁed, which was limited to some super-
ﬁcial areas of the dermal tissue (Fig. 1). In Thy-treated group
(100 mg/kg), the histological changes were limited to the super-
ﬁcial areas of the dermis with a singular pattern of leukocyte
inﬁltration, since such cells tended to assume a perivascular arrange-
ment instead of the diffuse distribution seen in vehicle-treated group
(Fig. 1).
Fig. 1. The representative photomicrographs of the effect of thymol treatment on rat paw 4 h after the injection of carrageenan. HE-stained histological sections are 5 mm
thick and photomicrographs are taken at 100/200 magniﬁcation (three histological sections of each animal, n¼6/group). Ctr, control animal; Treatments (30 min before
of carrageenan injection): vehicle, vehicle-treated animal; Dexa, dexamethasone (2 mg/kg)-treated animal; Thy, thymol (100 mg/kg)-treated animal.
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ﬁlms containing thymol
As shown in Fig. 2, wound size was found to be signiﬁcantly
reduced in the COLTHY-dressed wounds on days 7 and 14
compared to undressed (CTR, Po0.01) and COL-dressed wounds
(Po0.05 and Po0.01, respectively).
The intensity of the inﬂammatory response was graded as
severe in all the groups analyzed at three days (Table 4). Besides,
the leukocyte inﬁltrate was predominantly composed of neutro-
phils, characterizing an acute inﬁltrate. No granulation tissue was
observed in none of the studied samples (Fig. 3, 3 day).
In seven days, the severity of the inﬂammatory response
decreased in COLTHY group (Po0.05, Table 4). The inﬁltrate
was comprised of neutrophils, macrophages, and lymphocytes
(sub-acute inﬁltrate). Formation of loosely-arranged network of
thin delicate collagen ﬁbrils and ﬂat blood vessels, comprising an
immature granulation tissue was observed in CTR and COL
groups. However, the granulation tissue formed in COLTHY group
was more mature, composed of dilated and congested well-
formed blood vessels and denser deposition of collagen ﬁbers
with variable length and thickness (Fig. 3, 7 day).
The severity of the inﬂammatory response decreased in all
groups in 14 day (Po0.05, Table 4). However, the leukocyte
content was signiﬁcantly less expressive in COLTHY group than in
the other groups in 14 day (Po0.01, Table 4). Besides, an
evolution of the granulation tissue to the primary collagen scar
and a reduction in the vasculature were seen in 14 day in COLTHY
group (Fig. 3, 14 day).
In 21 day, the intensity of the inﬂammatory response showed
to be milder in COLTHY group (Po0.001, Table 4). However, the
pattern of the collagen arrangement of the cicatricial scar,
composed of gross thick interlaced collagen bundles, was similar
in all groups (Fig. 3, 21 day).As shown in Fig. 4, scanty deposition of wavy short thin
delicate reticularly arranged collagen ﬁbrils was observed in all
the groups in three days. In seven days, although a similar pattern
of collagenization was seen in all groups, only the COLTHY group
showed some denser thick and parallel-arranged collagen ﬁbers.
In 14 day, all the groups exhibited gross thicker collagen ﬁbers,
disposed in parallel arrangement in relation to the wound surface.
However, the ﬁbers were more compacted and the inter ﬁbrillar
spaces were less conspicuous in COLTHY group, particularly in
the marginal areas. In 21 day, in COL and COLTHY groups, the
collagen ﬁbers exhibited dense and interlaced disposition. Never-
theless, the ﬁbers were clearly grosser and thicker in COLTHY
group, resembling the tissue arrangement observed in the normal
dermis.4. Discussion
This study revealed that thymol signiﬁcantly ameliorated
inﬂammatory responses and possesses wound healing potential
in several rodent models.
As stated elsewhere, the inﬂammatory response by carragee-
nan in the rodent hindpaw is a multi-mediated phenomenon
divided into two phases: ﬁrst phase, which lasts up to 2 h,
involves the participation of histamine, serotonin (5-HT), and
bradykinin (BK); while the second phase, that is from 3–4 h, is
mainly sustained by prostaglandins (PGs) and nitric oxide (NO)
release (Di Rosa, 1972; Seibert et al., 1994).
In this study, the treatment of rats with thymol evoked a
signiﬁcant reduction of both paw oedema and MPO activity (used
as an indicator of neutrophils) evoked by carrageenan. These data
suggest that thymol can act to inhibit increased microvascular
permeability (oedema) and leukocyte inﬂux, possibly by reducing
Table 4
Assessment of the mean scores of the histological grading of the severity of the
inﬂammatory response
Time CTR COL COLTHY
3 day 3.0070.00a 3.0070.00a 3.0070.00a
7 day 2.5070.50a 2.2270.60a 2.0070.60b
14 day 1.1670.40c 0.7570.30c 0.4070.50d
21 day 1.0070.40c 0.9070.20c 0.0870.20e
Different letters in the same columns or lines represent signiﬁcantly different
values (Po0.05). All values are mean7S.E. of three histological sections of each
animal (n¼6/group). Statistical analysis by Kruskal–Wallis test followed by
Dunn’s test.
Fig. 2. Wound contraction rates (%) of the undressed (CTR), collagen-dressed (COL), and collagen-dressed containing thymol (COLTHY) during the time course of the
experimental model. All values are mean7S.E. Statistical analysis by ANOVA followed by Tukey’s test.
nPo0.01 in relation to CTR and COL groups; nnPo0.01 and Po0.05 in relation to CTR and COL groups, respectively (n¼6/group).
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BK, and others.
To further conﬁrm the role of thymol on leukocyte migration,
mainly neutrophils, experiments were carried out in an animal
model of carrageenan-induced peritonitis. The same doses of thymol
used to inhibit carrageenan-induced paw inﬂammation were able
to decrease the leukocyte number in the peritoneal cavity.
The mechanism of action of carrageenan on peritonitis involves
synergistic action between PG, leukotriene B4, and other chemotac-
tic agents, which promote an increase of the vasodilatation, exuda-
tion, and recruitment of leukocytes (Foster et al., 1986).
In this study, the role played by thymol on the modulation of
the leukocyte inﬂux into the carrageenan-injured area was also
suggested by the histological analysis, since a remarkable reduc-
tion in the inﬂammatory content was veriﬁed in thymol-treated
samples. Moreover, the residual inﬂammation was found to be
disposed in perivascular arrangement in thymol-treated group.
Such immobilization of leukocytes in the periphery of post-
capillary venules seems to suggest a possible impairment in themigration of these inﬂammatory cells throughout the tissue. It
has been recently, demonstrated that a similar pattern of anti-
inﬂammatory effect was observed in the presence of increased
levels of macrophage migration inhibitory factor (MIF) in central
nervous system (Denkinger et al., 2012).
In the last decade, the incorporation of drugs into collagen-
based ﬁlms for healing applications has been widely studied
(Albuquerque-Ju´nior et al., 2009; Nunes et al., 2011). The employ-
ment of collagen-based ﬁlms as wound dressings is based on the
many advantages of using these macromolecular agents, such as
biocompatibility and their non-irritant and nontoxic properties
(Nunes et al., 2011). In addition, wound dressings are thought to
prevent loss of body ﬂuid, to prevent exudate buildup, to protect
the wounds from external contamination, to have sufﬁcient
bactericidal effects to inhibit infection and to prepare an optimum
wound bed for autografting (Kordestani et al., 2008).
We found that COLTHY ﬁlms promoted signiﬁcant wound
contraction in 7 and 14 day. Wound contraction is a complex
step of wound healing involving extracellular and cellular inter-
actions, which results in the closure of an open wound. This
biological phenomenon is a ﬁbroblast-driven event that is acutely
sensitive to ﬂuctuations in the ﬁbroblast-dependent cellular and
extracellular matrix (Nedelec et al., 2000). As far as we know this
is the ﬁrst report providing evidence that thymol might molecule
able to modulate wound contraction.
In day seven, the inﬂammatory response was sub-acute and
ranged from moderate to severe in all groups. However, the
granulation tissue was found to be improved in COLTHY group
compared to the other groups, suggesting that the use of such
ﬁlms apparently favored the development of this key event of
wound healing. It has been previously reported that the installa-
tion and evolution of the granulation tissue towards scar forma-
tion is closely related to the reduction of chemotactic signals and
Fig. 3. The representative photomicrographs of the intensity of the inﬂammatory response in wound region at 3, 7, 14, and 21 day of treatment with collagen-based
containing thymol ﬁlm. HE-stained histological sections are 5 mm thick (three histological sections of each animal, n¼6/group). CTL, control; COL, collagen-dressed;
COLTHY, collagen-dressed containing thymol (Bar—25 mm).
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ing (Dantas et al., 2011). Thus, it is possible to suppose that anti-
inﬂammatory properties of thymol might have provided earlier
installation of granulation tissue, consequently favoring its for-
mation and maturation. Moreover, thymol induced a more regular
and dense collagen arrangement of the granulation tissue ﬁbrils/
ﬁbers, suggesting that this molecule might also favored ﬁbroblas-
tic proliferation and collagen deposition.
In 14th and 21th days, the content of residual inﬂammatory
inﬁltrate was signiﬁcantly less expressive in COLTHY group,
supporting the data obtained in the anti-inﬂammatory tests.
Nevertheless, no remarkable difference among the groups was
observed in the pattern of collagen deposition was observed in
the ﬁbrous scar. These data suggest that, despite the anti-
inﬂammatory effects of thymol apparently is reﬂected in the ﬁnal
stages of wound healing, the meaningful activity of the collagen-
based ﬁlms containing thymol appears to be focused in the earlier
events of the dermal cicatricial repair.
Regarding the collagenization process, inconspicuous deposi-
tion of collagen ﬁbrils in three and seven days, as observed in this
study, was expected, since the collagen synthesis has just begun,
in order to provide spatial orientation of angioblasts during the
early stages of wound healing (Rich and Whittaker, 2005). As long
as such angioblasts are supposed to form the blood vessels of the
granulation tissue, these data match with the observation of
exuberant vascular network in the experimental groups in seven
days. The full replacement of type III for type I collagen in 14 dayobserved in all the groups is indicative of a normal collagenization
dynamics previously reported in other experimental studies of
wound healing (Albuquerque-Ju´nior et al., 2009; Nunes et al.,
2011). Since only COLTHY group exhibited some parallel-arranged
type I collagen ﬁbers in the bottom of the wounds in seven days, it
is possible to suggest that the incorporation of thymol into the
ﬁlms provided improvement in the replacement and arrangement
of the collagen molecules in this phase of wound healing. Besides,
the denser disposition and better arrangement of these ﬁbers
seen in COLTHY group in 21 day is suggestive that thymol may
play an important modulatory effect on the ﬁbroblast metabolism
and collagen synthesis. Supporting this theory, it has been
previously demonstrated that thymol is able to enhance the
ﬁbroblasts growth in vitro, even at quite low concentrations
(0.0005%) (Khorshid et al., 2010). Considering that ﬁbroblasts
are responsible for both synthesis and degradation of collagen,
the remodeling phase of wound healing is utterly dependent on
the biological activity of such cell subsets. Therefore, it is possible
to hypothesize that the incorporation of thymol into the dressings
might have improved the collagenization by modulating ﬁbro-
blasts growth. Notwithstanding, as we provided some evidence
that thymol may affect the ﬁbroblastic dynamics, it is important
to highlight that no gross or morphological sign of collagen
overproduction, resulting in hypertrophic scar formation was
observed in this study. This characteristic seems to be positive
for the healing process, since a long-term stimulation of ﬁbroblast
might lead to unsightly scar formation (Ribeiro et al., 2009).
Fig. 4. The representative photomicrographs of the collagen deposition in wound region at 3, 7, 14, and 21 day of treatment with collagen-based containing thymol ﬁlm.
Sirius red-stained histological sections are 5 mm thick (three histological sections of each animal, n¼6/group). CTL, control; COL, collagen-dressed; COLTHY, collagen-
dressed containing thymol (Bar—250 mm).
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In conclusion, we demonstrated that thymol exhibits anti-
inﬂammatory effects and the incorporation of this monoterpene
into collagen-based dressing ﬁlms was successful in improving
wound healing. Thereby, the pharmacological actions of Lippia
gracilis in popular medicine practices may be related to the
presence of thymol as major component in the essential oil.
Therefore, we suggest that thymol is a promising compound to
be used in treatment of inﬂammatory processes as well as scar
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